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Objective: To describe a case of exertional rhabdomyolysis
in a collegiate American football player after preventive cold-
water immersion.

Background: A healthy man (19 years old) participated
in full-contact football practice followed by conditioning (2.5
hours). After practice, he entered a coach-mandated post-
practice cold-water immersion and had no signs of heat illness
before developing leg cramps, for which he presented to the
athletic training staff. After 10 minutes of repeated stretching,
massage, and replacement of electrolyte-filled fluids, he was
transported to the emergency room. Laboratory tests indicated
a creatine kinase (CK) level of 2545 |U/L (normal range, 45-260
IU/L), CK-myoglobin fraction of 8.5 ng/mL (normal<6.7 ng/mL),
and CK-myoglobin relative index of 30% (normal range, 25%-—
30%). Myoglobin was measured at 499 ng/mL (normal=80 ng/
mL). The attending physician treated the athlete with intrave-
nous fluids.

Differential Diagnosis: Exercise-associated muscle cramps,
dehydration, exertional rhabdomyolysis.

Treatment: The patient was treated with rest and rehydra-
tion. One week after the incident, he began biking and swim-

ming. Eighteen days later, the patient continued to demonstrate
elevated CK levels (527 IU/L) but described no other symptoms
and was allowed to return to football practice as tolerated. Two
months after the incident, his CK level remained high (1900
IU/L).

Uniqueness: The athlete demonstrated no signs of heat ill-
ness upon entering the cold-water immersion but experienced
severe leg cramping after immersion, resulting in a diagnosis
of exertional rhabdomyolysis. Previously described cases have
not linked cold-water immersion with the pathogenesis of rhab-
domyolysis.

Conclusions: In this football player, CK levels appeared to
be a poor indicator of rhabdomyolysis. Our patient demon-
strated no other signs of the illness weeks after the incident,
yet his elevated CK levels persisted. Cold-water immersion im-
mediately after exercise should be monitored by the athletic
training staff and may not be appropriate to prevent muscle
damage, given the lack of supporting evidence.
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breakdown of muscular tissues secondary to damage

or overexertion causes renal failure.' Rhabdomyoly-
sis can also result from extreme crushing injuries (as in a car
crash) or disease or drug toxicity, but these causes are typically
not observed in athletes.'* Exertional rhabdomyolysis has been
noted to occur with muscle activity, temperature extremes, and
muscle ischemia.® During activities that result in muscle fa-
tigue, adenosine triphosphate (ATP) cannot supply the demand;
therefore, cellular energy supplies are insufficient.® The cellular
destruction associated with rhabdomyolysis occurs much faster
in extreme heat; thus, concomitant heat illnesses are likely.® A
number of reports!>7!* have described muscle cramping cases
in association with rhabdomyolysis in military personnel, foot-
ball players, and those participating in intense physical exer-
tion.

Regardless of the cause, the common denominator is the
disruption of sarcolemma and intracellular myocyte compo-
nents.>® The cellular destruction in rhabdomyolysis may in-
clude cell membrane breakdown, muscle cell hypoxia, ATP
depletion, and electrolyte disturbances.*® Cell membrane

Exertional rhabdomyolysis is a condition in which the

destruction ultimately leads to imbalance of sodium and potas-
sium levels, which may contribute to increased concentrations
of myoglobin and creatine kinase (CK).>* Myoglobin and CK
serve as the biochemical markers for a clinical diagnosis of
rhabdomyolysis; in combination with acute renal failure, they
are the best indicators that the condition is present.'* Myoglo-
bin has a much faster elimination rate than does CK (half-life
of 2 to 3 hours'"), especially when patients are treated with al-
kaline diuresis.” Therefore, in acute situations (within 6 to 8
hours of onset), myoglobin may be the more sensitive marker
of rhabdomyolysis."” The half-life of CK is far longer (ranging
in the literature between 36" and 72'¢ hours). Left untreated,
the high levels of CK and myoglobin can lead to kidney fail-
ure and death.>® Although many cases of exertional rhabdomy-
olysis have been reported in the literature, this case is unique
in that the CK levels remained elevated and may have falsely
indicated the presence of exertional rhabdomyolysis. Although
the myoglobin level was elevated (greater than 80 ng/mL), nei-
ther the physician nor the laboratory deemed the postinjury el-
evations to be of concern.
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CASE REPORT

Personal Data and Chief Complaint

On the third day of preseason practice (August 9), a 19-year-
old African American male National Collegiate Athletic Asso-
ciation Division I football player at a midwestern university, in
good health with no personal history or family history of heat
illness or conditions, presented with leg cramps. The patient
had no personal or family history of diabetes. The medical his-
tory provided no indication of sickle cell testing before par-
ticipation, so the patient’s sickle cell trait status was unknown.
He was a nonsmoker, was not ingesting any medication or sup-
plements, and had not consumed alcohol. The patient had no
signs or symptoms of heat illness before the initial complaint
of cramps. Although body mass loss was recorded between
prepractice and postpractice weigh-ins, no substantive or cu-
mulative weight loss was demonstrated in the 3 previous days
of practice. The patient was in good physical shape, having
participated in summer conditioning consisting of daily weight
training and running drills outside. Environmental conditions
for the first 3 days of practice were a temperature of 60° to 68°F
(15.6° to 20.0°C) with high relative humidity (87% to 93%).
During the practice in question, the air temperature rose from
74.77°F (23.7°C) at 7:00 aM to 82.9°F (28.3°C) at 9:30 am. The
athletes began practice in full pads and concluded the session
with conditioning activities. The patient’s leg cramps began
after a mandatory daily postpractice 60°F (15.6°C) cold-water
immersion imposed by the coach for recovery purposes, not
heat illness prevention or treatment. The patient submerged his
lower extremities and trunk (to just above the navel) in the cold
water. He had participated in the mandatory daily cold water
immersion during the 3 days of practice with no remarkable
signs or symptoms. Approximately 10 minutes after the end of
practice, the patient presented to the athletic trainer with cramp-
ing that started in his left quadriceps muscle and then moved to
his left hamstrings, right quadriceps, and right hamstrings. The
cramping continued to progress to his lower legs. The athletic
training staff treated him with stretching, massage, and rehy-
dration, with a carbohydrate-electrolyte drink containing extra
electrolytes (Gatorlytes; The Gatorade Company, Chicago, IL)
for approximately 10 minutes before he was transported to the
emergency department. The decision to transport was made
when the pain and cramping failed to subside and progressed to
the patient’s low and mid-back.

Table. Laboratory Results Over a 5-Day Period

Physical Examination and Medical History

The team physician was on call in the emergency department
and therefore present when the patient arrived. A history and
physical examination were conducted. Although, no additional
history information was uncovered, the patient complained of
continued cramping and muscular fatigue. The physical exami-
nation indicated an alert and oriented patient who was not in
cardiorespiratory distress. The cardiovascular examination was
normal, and no tenderness or edema was evident. Initial labo-
ratory tests indicated a CK level of 2545 IU/L (normal range,
0-190), CK-myoglobin (CK-MB) fraction of 8.5 ng/mL (nor-
mal<6.7 ng/mL), and CK-MB relative index of 30% (normal
range, 25%-30%). Myoglobin was measured at 499 ng/mL
(normal=0-149). Urinary pH was 7 (normal range, 4.6-8.0),
urinary myoglobin was <1 mg/dL (normal=0 mg/dL), and
no myoglobinuria (dark, cola-colored urine) was present. Al-
though other laboratory blood tests were minimally outside the
normal range (Table), they were deemed unremarkable by the
physician, and the patient was diagnosed with rhabdomyolysis.

Course of Treatment

The patient was hospitalized overnight and hydrated with
normal isotonic saline with 20 mEq of potassium chloride at
200 mL/h. Early evening blood tests revealed a slightly re-
duced CK level but an increased myoglobin level (Table). A
test for sickle cell disorder was negative. By the next day, the
CK level had increased, but the myoglobin level had declined;
urinary myoglobin was normal. The patient was allowed to
return home on August 10 and was instructed to eat a regu-
lar diet and participate in activities as tolerated. The athletic
trainer monitored the patient’s symptoms daily and scheduled a
follow-up appointment with the team physician on August 14.

On August 14, the patient’s CK level was still elevated but
had decreased greatly. Urinalysis results remained normal, and
myoglobin level had returned to normal. The team physician in-
dicated the need for continued hydration and suggested swim-
ming and biking as tolerated. On August 17, the patient’s CK
level rose again and continued to fluctuate when checked on
August 19 and 21 (Figure). The patient was instructed to con-
tinue a regular hydration regimen and to participate in football
activities as tolerated. On August 31, the CK level was lower,
and it decreased each successive week afterward. However, the
myoglobin level increased acutely and then trended down to
remain within normal limits by August 15.

Date and Time

August 9, August 9, August 9, August 10, August 14,
Biochemical Marker 2:34 pm 6:55 Pm 11:30 Pm 5:05 am 1:17 pm Normal Limits®
Creatine kinase, IU/L 2545 2352 2661 2668 999 0-190
Myoglobin, ng/mL 499 680 354 190 118 0-149
Potassium, mEg/L 3.2 4.2 4 4.5 4.4 3.3-5.3
Total carbon dioxide 23 27.7 26.7 29.2 29.8 23.0-29.0
content, mEqg/L

Chloride, mEqg/L 95 106 106 108 99 100-112
Glucose, mg/dL 180 83 97 87 98 70-125
Creatinine, mg/dL 1.6 1.2 1.1 1 1.1 0.5-14
Calcium, mg/dL 10.7 8.7 9 8.9 10.5 8.5-10.5

2Provided by the laboratory for the general population.
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Figure. Patient’s serum creatine kinase and myoglobin levels in the month after
rhabdomyolysis was diagnosed. The myoglobin level was not measured on 8-17,
8-21, and 9-1. Note: We converted the creatine kinase concentrations to IU/L so
that these could be shown on the same scale as the myoglobin values.

Six weeks after the incident, given the dissipation of symp-
toms and a normal myoglobin level, the physician released the
patient for unrestricted participation. Two months after the in-
cident, on the morning after a full practice, the patient’s CK
level was 1900 IU/L. Because he had no symptoms, the patient
was allowed to continue monitored practice and competition.
He completed the season without any complications.

DISCUSSION

Role of Creatine Kinase in Diagnosis of
Exertional Rhabdomyolysis

A number of cases of exertional rhabdomyolysis have been
reported,'>7!* yet each case reflects a unique characteristic of
the pathogenesis. Although most patients had an elevated CK
level (>1000 TU/L, or more than 5 times normal),>* the diag-
nostic criteria for exertional rhabdomyolysis are inconsistent
throughout the literature.®!“!5-17 In 2002, Ehlers et al'® investi-
gated CK levels of football players during 2-a-day practices and
identified elevated CK levels in all players. In 2006, authors'
of a retrospective epidemiologic study noted that almost half
the secondary school students they studied (43.4%, 68 of 157)
would be clinically diagnosed with exertional rhabdomyolysis
after a 10-minute fitness test according to elevated CK levels.
In our patient, as in many others, the CK level was significantly
elevated and rhabdomyolysis was diagnosed. Unique to our
case, however, was the prolonged nature of the CK elevation,
lasting 18 days after the incident, even though his symptoms
subsided in a few days. In fact, the only remaining indicator
of rhabdomyolysis was the elevated CK level, suggesting that
serum CK may not be the only factor we should use to dictate
the course of care and return to activity.

Limiting the extent of the potentially life-threatening com-
plications of rhabdomyolysis depends strongly on early diag-
nosis and adequate therapy,” as in this case, when the patient
received immediate attention. Return to play for this athlete
was based on myoglobin levels and was therefore quicker than

indicated in the position statements provided by several gov-
erning bodies (National Athletic Trainers’ Association?' and
American College of Sports Medicine??). Yet some independent
researchers have made recommendations for return to activity
that include aquatic exercise for the first 3 weeks, indoor and
modified outdoor exercise for weeks 4 through 15, and a re-
lease to follow acclimatization guidelines by week 15.1* Our
patient participated in sport-specific, functional conditioning
exercises with limited eccentric loading to improve fitness be-
fore returning to play. Because the patient responded well to the
course of treatment and because the physician used myoglobin
level as an indicator of muscle damage, the patient was able to
return to play within 6 weeks.

Pathophysiology

The physiologic sequelae of exertional rhabdomyolysis are
unknown. However, researchers have theorized that CK leaks
into the interstitial fluid from the muscle cells.”’ As are most
toxins, CK is absorbed by the lymphatic system.” Although the
kidneys work to filter the CK, the greater-than-normal concen-
tration results in the accumulation of serum CK.%* Creatine ki-
nase is not the only cellular constituent involved with muscle
tissue breakdown; myoglobin and potassium have also been as-
sociated with the development of exertional rhabdomyolysis.**
Myoglobin accumulating in the kidneys can obstruct the renal
tubules, leading to tubular necrosis and eventual renal fail-
ure.> In addition, the blockage can limit urine flow, a common
symptom in exertional rhabdomyolysis."* The rise in potassium
in the interstitial fluid may dilate arterioles, mediating a rise in
muscle blood flow; however, if the skeletal muscle becomes
deficient in potassium, muscle injury is likely to occur as a con-
sequence of the ischemia.?*

After muscle damage, myoglobin circulating in the blood
plasma exceeds the protein-binding capacity and is filtered
through kidneys and eventually excreted in the urine.® When
muscle damage is severe, as in cases of exertional rhabdomy-
olysis, the kidneys are unable to filter the excess myoglobin,
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resulting in tubular damage.>*>?7 Although several cellular
chemicals spill into the extracellular fluid during muscle tis-
sue breakdown, myoglobin tends to be the chief culprit in acute
renal failure, and therefore its elimination is crucial.'* During
alkaline diuresis, myoglobin is removed from the plasma at a
faster rate than is CK, and the effects of acute renal failure can
be reversed.'* The patient in our case was able to avoid renal
failure, although his myoglobin and CK levels were acutely
high. The drastic decline in myoglobin and lingering elevation
of CK may confirm the role of myoglobin in the development
of renal failure in exertional rhabdomyolysis.

Mechanism of lliness

Eccentric exercise has long been associated with the muscle
breakdown leading to exertional rhabdomyolysis.?® However,
the recently documented cases of rhabdomyolysis differ in
onset. The condition has developed from weightlifting, sprint-
ing, contact practices, noncontact practices, and running.!>7-13
Our patient participated in a full-contact practice session, fol-
lowed by conditioning and then a team-mandated cold-water
immersion bath. The intense nature of the exercise, in combi-
nation with the temperature extremes,"*”'* may have affected
the onset of rthabdomyolysis in our patient. Furthermore, the
accumulated effects of 3 days of exercise may have affected
the patient’s CK levels. This finding is in contrast to that of
Ehlers et al,'®* who noted a gradual decline in serum CK after 7
and 14 days of exercise. Additional investigation is necessary
to identify the effect of accumulated exercise on the onset of
other biological markers for exertional rhabdomyolysis, such
as myoglobin, especially in light of the acclimatization guide-
lines for secondary school and collegiate football players.?

Hypohydration and Rhabdomyolysis

Hypohydration has also been associated with exertional
rhabdomyolysis. Patients often present with dark, reddish-
brown urine (myoglobinuria)** or the inability to urinate.!**
Hypohydration often develops over the course of an exercise
session but can also develop over several days of preseason
practices. This phenomenon is called chronic hypohydration
and can have accumulated negative effects.’! The authors? of
a recent case report suggested that dehydration was not asso-
ciated with the pathogenesis of rhabdomyolysis because their
patient showed no signs of myoglobinuria or inability to uri-
nate. However, hypohydration has been reported in several
other cases."** In a large epidemiologic study' of exertional
rhabdomyolysis among high school students, myoglobinuria
occurred in only 25% (17 of 68). Because our patient was ini-
tially unable to urinate, we were unable to determine his hydra-
tion status when the cramps began, but after intravenous fluid
treatment, his urinalysis results were normal. The dark, cola-
colored urine most commonly associated with rhabdomyoly-
sis does not occur unless urine myoglobin levels exceed 100
mg/dL.° Our patient did not demonstrate urinary myoglobin; in
fact, his serum myoglobin levels were within the normal range
of 0-149 ng/mL.?*3

Physiologic responses to decreased body water include
decreased plasma volume, decreased central blood volume,
increased heart rate and decreased cardiac output, and in-
creased fatigue.® Decreased body water and electrolyte im-
balances have been theorized causes of exercise-associated
muscle cramping,* and cramping has been identified in several

reported cases of exertional rhabdomyolysis.!*!* Cramping
may be a precursor to muscle cell damage and subsequent ex-
ertional rhabdomyolysis,">7#133237 although randomized con-
trolled trials or other robust controlled research studies should
be conducted to investigate this possibility.

Uniqueness of the Case

Our patient continued to demonstrate elevated CK levels for
18 days, whereas myoglobin returned to normal limits within 5
days of the incident. The half-life of myoglobin is much shorter
than that of CK, and it can be eliminated faster,'*!>3* as oc-
curred in our patient. Creatine kinase lingers longer and, in fact,
may be elevated secondary to exercise.!®* When comparable
data were available in other cases, the resolution of symptoms
occurred in times as short as 36 hours' to as long as 8 days.!
Once the acute symptoms resolved, no additional blood tests
were performed. Therefore, drawing conclusions based on the
limited data available may not be appropriate.

CONCLUSIONS

Rhabdomyolysis in athletes is an acute condition that may
become life threatening because of the risk of renal failure
from the elevated levels of CK and myoglobin in the blood.
Although an elevated CK level is a commonly used indicator
in the diagnosis of rhabdomyolysis and, more specifically, ex-
ertional rthabdomyolysis, our patient’s elevated level persisted
despite resolution of symptoms. In light of this case study and
some of the evidence in the literature,'®3*% the standard range
of CK levels used for the general population may not be ap-
propriate for an athletic population, particularly for athletes
participating in collision sports. Data from a single patient
are insufficient for drawing general conclusions, but this case
study does provide the impetus for future investigations into
the onset and prevention of exertional rhabdomyolysis. For
example, information about the relationship between CK and
myoglobin levels in both the onset and resolution of the condi-
tion is needed so that clinicians can identify the condition and
determine when it is safe to return an athlete to full sport par-
ticipation. Additionally, research is needed to identify precipi-
tating factors and clinical warning signs in athletes who may
be susceptible to exertional rhabdomyolysis. This case study
has presented one patient’s exertional rhabdomyolysis course
and outcome. However, much work is needed before we truly
understand this disease.
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